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Abstract.
Background: Register diagnoses, both hospital-based and from open clinic care, are often used in research studies in Sweden.
The validity of such diagnoses has been debated and a validation assessment can improve the diagnostic accuracy for use in
research studies.
Objective: The aim of this study was to investigate the quality of register-derived dementia diagnoses in the Malmö Diet and
Cancer population study (MDCS) and to validate these diagnoses using systematic criteria.
Methods: MDCS is a population-based prospective study comprising 30,446 participants. Register diagnoses of dementia for
the MDCS population were derived from the Swedish National Patient Register (NPR) and validated through re-evaluation
of available medical records by physicians.
Results: In the MDCS cohort, 2,206 participants were diagnosed with dementia according to the NPR during a mean
follow-up of 18.1 years. The general dementia diagnosis was valid in 96% of the cases, but 40% of the specific dementia
diagnoses were changed during the process of reevaluation. The diagnostic validity varied between 25.2% and 82.9% for the
different diagnoses. The results from the validity assessment per diagnostic category revealed that the validity of the NPR
diagnoses was higher for the more specific diagnoses and lower for unspecified dementia. The major diagnostic shift during
the re-evaluation was from unspecified dementia to more specific diagnoses.
Conclusion: Validation of dementia diagnoses using medical records results in more precise diagnoses. Dementia diagnoses
derived from registers should be validated in order to study associations between influential factors and different dementia
diagnoses.
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INTRODUCTION

Modern research has focused on intervention on
risk factors for the prevention or at least postpone-
ment of dementia onset [1, 2]. It has been indicated
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that a delay of dementia diagnosis through minimiza-
tion of potential influential factors could result in a
reduction of dementia prevalence in the future [3–5].
Active interventions focusing on lifestyle factors have
shown to have a protective effect on overall cognition
in at-risk elderly [6].

There is a large number of studies indicating that
vascular risk factors such as hypertension and dys-
lipidemia are associated with dementia [7] and also
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Alzheimer’s disease [8]. However, different studies
show somewhat inhomogeneous results due to differ-
ences in methodology. One relevant methodological
aspect is the observation time, which is a limiting
factor in clinical studies as the follow up time ide-
ally needs to be several years in studies of dementia.
This is due to an asymptomatic preclinical state and
the slow and successive progression of the disorder.
Some studies have used a prospective approach with
follow-up of the study cohort for identification of
cases who developed dementia [9]. An alternative to
longitudinal studies with long observation times is to
use register-based dementia diagnoses to follow-up
cases in cohort studies where different risk factors
have been assessed previously, and thus observe the
number of incident dementia diagnoses over time.
One challenge with this method is that dementia still
tends to be underdiagnosed, and all cases may not
have undergone a systematic and thorough dementia
clinical work-up before diagnosis, which can result in
an underestimation of true dementia prevalence and
incorrect diagnoses. Hence, register diagnoses have
been considered less well characterized than diag-
noses derived from a research protocol, and therefore
their validity for scientific studies has been debated.

In previous epidemiological studies of different
risk factors for dementia diagnoses, the results vary,
likely as a result of the use of different diagnostic cri-
teria as well as differences in the diagnostic work-up.
To be able to study differences between dementia sub-
types, a correct diagnostic classification is therefore
crucial.

In Sweden, there is a long tradition of the use of
diagnostic national registers both in hospital-based
care but also in open policlinic care. Register diag-
noses are often used in research studies [10].

In the present study, we aimed to investigate the
quality of the register-derived diagnoses by examin-
ing coherence to guidelines of diagnostic work-up,
e.g., brain imaging, cognitive tests, and informant
interview. Further we aimed to describe and thereby
better define the dementia cohort within the large
Malmö Diet and Cancer population study (MDCS).
For this purpose, we performed a thorough proce-
dure to validate the register diagnoses derived from
the Swedish National Patient Register (NPR). Thus,
trained physicians re-evaluated the available medical
records to optimize diagnostic accuracy.

As previously described, different vascular risk
factors have been associated with dementia diagnoses
[7, 8]. A secondary aim of this study was therefore
to describe baseline data of traditional risk markers

and protective factors for dementia in the established
dementia cohort, to ensure the representativity of the
cohort for future, more exploratory studies.

METHODS

Malmö Diet and Cancer study

MDCS is a population-based prospective study
comprising 30,446 participants from the south of
Sweden [11]. The baseline 1991–1996 examination
encompassed a questionnaire on health status and
different lifestyle factors from included individuals
between the age of 44 and 74 years. A clinical inves-
tigation with measurement of blood pressure, height
and weight, and blood sampling was also performed
on the study participants. Previous publications have
described the protocol and cohort characteristics in
more detail [11–13]. Risk factor data in this study
origins from the MDCS baseline assessments. Data
on education, smoking status, and medication was
based on self-reported information using a question-
naire. Hypertension was defined as a systolic blood
pressure ≥ 140 mmHg and/or a diastolic blood pres-
sure ≥ 90 mmHg at the baseline visit. Blood samples
were collected to determine apolipoprotein E �4
allele status and height and weight was measured to
calculate body mass index (BMI).

National patient register

All registered dementia diagnoses in the NPR
through 31 December 2014 were obtained. The
NPR started in the 1960s and since 1987 it covers
99% of all in-patient medical diagnoses automati-
cally transferred to the register. Also, since 2001 it
includes hospital-based (policlinic) out-patient diag-
noses [14]. However, it does not cover diagnoses in
the primary health care unless the diagnosis is regis-
tered during hospitalization or at a policlinic hospital
visit. All diagnoses are routinely registered according
to the International Classification of Diseases.

The following dementia diagnoses were obtained
from the NPR for the present study; Alzheimer’s
disease dementia (AD) (F00, G30, 331A/331.0),
vascular dementia (VaD) (F01, 290E/290.4), Parkin-
son’s disease dementia (PDD) (F023), dementia with
Lewy bodies (DLB) (F028, G318A), frontotem-
poral dementia (FTD) (F020, G310, 331B/331.1),
or unspecified dementia (F03, 290, 294B/294.1,
331 C/331.2). The first register diagnosis per patient
was subjected to diagnostic review described below.
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A total of 2,206 dementia diagnoses were identified
in the NPR.

Validation procedure

Next, the validity of the NPR dementia diagnoses
was assessed using data from medical records (elec-
tronic charts) by trained physicians at the Memory
Clinic, Skåne University Hospital in Malmö. Only
existing dementia diagnoses extracted from the NPR
were validated. The assessment of the diagnoses
comprised key data defined as: 1) presentation of
symptoms of cognitive impairment; 2) cognitive test
results; and 3) computed tomography or magnetic
resonance imaging of the brain. In the case of avail-
able cerebrospinal fluid (CSF) analyses, this was also
included in the assessment but was not regarded as
key data.

For the assessment of validity of each diagnosis, we
categorized the amount of collected information from
the medical records into five qualitative categories;
0 = almost non-existent (only information about diag-
nosis); 1 = very sparse (two of the key data missing);
2 = sparse (one of the key data missing), 3 = adequate
(all key data present), and 4 = good (assessed at a
tertiary clinic or equal level).

The diagnoses were then grouped into four dif-
ferent categories characterizing the validity of the
diagnoses after the quality assessment of the data.
These groups were; 0 = uncertain diagnosis (avail-
able data indicated different diagnoses to the same
extent); 1 = possible diagnosis (some data indicated
a specific diagnosis but important data was missing
or the data did not fully fit into the same diagnos-
tic criteria); 2 = probable diagnosis (a vast majority
of the data indicated a specific diagnosis but some
important data was missing or did not fully fit into
the criteria); and 3 = definite diagnosis (all of the key
data indicated the same specific diagnosis).

The criteria of The Diagnostic and Statistical Man-
ual of Mental Disorders, fifth edition, were applied
for the validated diagnoses [15]. The mixed demen-
tia diagnosis was used when both AD pathology
and cerebrovascular disease were assumed to signif-
icantly contribute to the clinical description. Unclear
cases were subject to discussion with at least one
very experienced senior dementia specialist resulting
in a consensus diagnosis. Compared to the informa-
tion available to the clinicians who initially gave the
dementia diagnosis, the validation procedure allowed
access to data covering a longer time span which
could lead to a revised diagnosis based on symptom

progression, repeated cognitive testing, or later added
diagnostic data, such as brain imaging or CSF analy-
ses. In several cases, unspecified dementia diagnosis
from primary care could be revised by experienced
dementia specialists involved in the study.

Risk and protective factors

Age [7, 16], sex, education, and presence of an
apolipoprotein E �4 allele are all known factors to
be associated with dementia and have been used in
previous studies [7]. Other variables included in the
MDCS baseline data were body mass index, systolic
blood pressure, smoking status, prevalent coronary
event, prevalent stroke, prevalent diabetes, antihyper-
tensive medication, lipid-lowering medication, and
the ratio between serum-apolipoprotein B and serum-
apolipoprotein A1 (S-ApoB/ApoA ratio), which was
used as a measure of cholesterol levels. Hypertension
was defined as a systolic blood pressure ≥ 140 mmHg
and/or a diastolic blood pressure ≥ 90 mmHg regard-
less of antihypertensive medication. This definition
was based on the definition by the World Health Orga-
nization [17], but in this study, only one measurement
of blood pressure at baseline was used.

Statistics

Descriptive data from the validation process are
presented as frequency with numbers and percent-
ages or mean values and standard deviations. Group
comparisons were performed using SPSS version
28.0. Group differences in numeric variables were
estimated with Mann-Whitney U test and categor-
ical variables with Pearson’s χ² test. Two-tailed
p-values < 0.05 were noted as statistically significant.

Ethical aspects

Before inclusion in the MDCS, all participants
signed an informed consent. When dementia diag-
noses were later collected from the NPR and merged
to the MDCS for the validation process, adver-
tisements were published in the local newspapers,
enabling individuals to opt-out. The present study has
been subject to ethical evaluation and was approved
by the regional ethical review board in Lund (2011/83
and 2013/489).
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Table 1
Results from the validation process of 2,206 dementia diagnoses from the National

Patient Register (NPR)

N %

Change of original NPR diagnosis 883 40.0
Availability of key data:
1. Symptom presentation 1,904 86.3
2. Cognitive test results 1,894 85.9
3. Neuroradiology 2,080 94.3
Consulting specialist in cognitive disorders 1,697 76.9
Cerebrospinal fluid analyses 839 38.0
Quality of accessible data from medical records:
0 = almost non-existent 96 4.4
1 = very sparse 145 6.6
2 = sparse 274 12.4
3 = adequate 314 14.2
4 = good (assessed at a tertiary clinic or equal level) 1,377 62.4
Validity of the diagnosis:
0 = uncertain diagnosis 98 4.4
1 = possible diagnosis 323 14.6
2 = probable diagnosis 778 35.3
3 = definite diagnosis 1,007 45.6

RESULTS

Study population

The MDCS cohort comprise 30 446 participants
and the mean (standard deviation (SD)) age at base-
line was 58 (7.6) years. In all, 60.2% were women
and 11.7% were born outside of Sweden.

Validation of diagnoses

In the MDCS cohort, 2,206 individuals had a reg-
istered dementia diagnosis according to NPR during
a mean (SD) follow-up of 18.1 (5.1) years. Table 1
present results of the validation assessment, speci-
fying diagnostic data availability, diagnostic quality,
and diagnose validity category. After the valida-
tion assessment, 2,120 dementia diagnoses remained.
Hence, 86 cases with dementia according to NPR
were found not to meet the dementia criteria. Of
these, there were 9 cases with no dementia, 17 with
delirium, 16 with psychiatric diagnoses, 7 with other
neurodegenerative disorders, 9 with cerebrovascular
incidents, and 28 with mild cognitive impairment.

In total, 1,697 (76.9%) of the individuals with
a NPR dementia diagnosis had been diagnosed by
a specialist in cognitive disorders, either at a ter-
tiary unit (Memory Clinic) or through a consultant
assessment during hospital care. Of all patients,
1,904 (86.3%) had data on symptom presentation,
1,894 (85.9%) on cognitive test results, and 2,080
(94.3%) had undergone neuroimaging (either com-

puted tomography or magnetic resonance imaging, or
both). CSF analyses were performed in 839 (38.0%)
of the participants (Table 1).

The 2,120 validated dementia diagnoses were dis-
tributed as follows in incidence numbers for various
diagnoses; 621 (29.3%) AD, 595 (28.1%) mixed
dementia (AD dementia in combination with cere-
brovascular pathology; Mixed), 531 (25.0%) VaD, 96
(4.5%) DLB, 49 (2.3%) PDD, 26 (1.2%) FTD, 140
(6.6%) unspecified dementia (lack of information for
categorization of origin), 15 (0.7%) normal pressure
hydrocephalus, 9 (0.4%) alcohol-related dementia,
22 (1.0%) dementia with other mixed pathologies,
6 (0.3%) other neurodegenerative disorders, and
10 (0.5%) cases with atypical parkinsonism. The
unspecified dementia diagnosis was applied in cases
where a more specific dementia diagnosis could not
be defined. The distribution of dementia diagnoses
before and after the validation procedure is presented
in Table 2, showing that the major change from the
NPR diagnosis to the validated diagnosis was seen
for the category unspecified dementia. The proportion
of unchanged diagnoses after the validation process
was as follows per diagnostic category: AD (63.5%),
Mixed (82.9%), VaD (72.2%), DLB (63.0%), PDD
(79.6%), FTD (65.4%), and unspecified dementia
(25.2%).

The results from the validity assessment per diag-
nostic category revealed that the validity was higher
for the more specific diagnoses, but lower for unspec-
ified dementia (Table 3). For the more uncommon
diagnoses such as DLB and FTD, there was a high
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Table 2
Distribution of dementia diagnoses after validation of 2,206 register diagnoses from the National Patient Register (NPR)

NPR diagnosis Validated diagnosis Remaining NPR diagnosis
after validation after validation

n (%) n (%) n (%)
Alzheimer’s disease dementia 792 35.9 621 28.2 503 63.5
Mixed dementia 258 11.7 595 27.0 214 82.9
Vascular dementia 540 24.5 531 24.1 390 72.2
Dementia with Lewy Bodies 73 3.3 96 4.4 47 63.0
Parkinson disease with dementia 49 2.2 49 2.2 39 79.6
Frontotemporal dementia 26 1.2 26 1.2 17 65.4
Unspecified dementia 445 20.2 140 6.3 112 25.2
No dementia 86 3.9
Normal Pressure Hydrocephalus 15 0.7
Alcohol related dementia 9 0.4
Mixed pathologies other 22 1.0
Other neurodegenerative disorders 23 1.0 6 0.3
Atypical parkinsonism 10 0.5
Total 2206 100.0 2206 100.0

“Remaining NPR diagnosis after validation” indicating the number of original diagnoses from the NPR which remained after validation.

quality of the information from the medical records
which was also reflected in a high validity of the diag-
noses. For unspecified dementia there was a lower
quality of the medical information which also reflects
in the lower validity of this diagnosis. The validity
of VaD was marked as 3 (definite diagnosis) in only
31.6% of the cases, which together with No dementia
(25.6%) and unspecified dementia (2.9%) were the
diagnoses with the lowest proportion of cases with
a validity score of 3 (Table 3). By contrast, 59.4%
of the validated AD diagnoses and 50.9% of Mixed
diagnoses were categorized as definite diagnosis. The
quality of data retrieved for these diagnoses was cat-
egorized as 4 (good- assessed at a tertiary clinic or
equal level) in 75.7% of AD diagnoses and 69.7% of
the Mixed diagnoses.

During the validation process, the original regis-
ter diagnosis was refined in 883 (40.0%) of 2,206
register diagnoses with dementia. The main change
from an original register diagnosis was seen for
unspecified dementia, where only 25% of the original
NPR diagnoses remained after validation (Table 2).
Unspecified dementia was primarily changed to VaD
(n = 111, 33.3%), Mixed (n = 82, 24.6%), and AD
(n = 57, 17.1%). AD was primarily re-diagnosed to
Mixed dementia (n = 227, 78.5%), VaD to Mixed
dementia (n = 68, 45.3%) and AD (n = 28, 18.7%),
and Mixed dementia to AD (n = 30, 68.2%). For DLB,
PDD, and FTD, which were all less prevalent and
of higher diagnostic validity, the diagnoses were not
changed to the same extent. A shift to DLB (n = 5,
50.0%) was seen for the PDD diagnoses that were
changed. However, in cases where DLB and FTD
were re-diagnosed, the distribution of new diagnoses

was more varied, showing no specific pattern. Sup-
plementary Table 1 shows all changed diagnoses.

Risk and protective factors

Baseline risk- and protective factors for the
whole population, all-cause dementia, AD (Mixed
included), and VaD are presented in Table 4. Com-
parisons were performed between the group with
no dementia and the dementia groups respectively.
The dementia groups were significantly older that
the no dementia cases. The proportion of women
was larger in AD, whereas that of men was larger in
VaD in comparison with no dementia. The demen-
tia groups had a lower level of education and a
higher percentage of apolipoprotein E �4 carriers
than the no dementia group. Cholesterol levels mea-
sured as the mean S-ApoB/ApoA ratio at baseline
was within normal range at baseline for the dementia
groups. However, all-cause dementia and AD groups
had a significantly higher mean S-ApoB/ApoA ratio
than no dementia. Further, presence of hypertension,
prevalent diabetes, antihypertensive medication as
well as lipid lowering medication were more com-
mon in the dementia groups than in no dementia.
Prevalent coronary events were more common in all-
cause dementia and VaD, whereas prevalent stroke
was more common only in VaD, compared with no
dementia (Table 4).

DISCUSSION

In this validation study, there was a total of 2,120
dementia diagnoses after validation of 2,206 diag-
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Table 3
Results on quality assessment of the medical records and validity of register diagnoses per specific diagnostic category

Quality of data Validity of diagnosis
N (%) N (%)

Alzheimer’s disease dementia 0 21 (3.4) 0 15 (2.4)
1 20 (3.2) 1 56 (9.0)
2 44 (7.1) 2 181 (29.1)
3 66 (10.6) 3 369 (59.4)
4 470 (75.7)

Mixed dementia 0 3 (0.5) 0 3 (0.5)
1 14 (2.4) 1 52 (8.7)
2 46 (7.7) 2 237 (39.8)
3 117 (19.7) 3 303 (50.9)
4 415 (69.7)

Vascular dementia 0 27 (5.1) 0 13 (2.4)
1 62 (11.7) 1 117 (22.0)
2 110 (20.7) 2 233 (43.9)
3 86 (16.2) 3 168 (31.6)
4 246 (46.3)

Dementia with Lewy Bodies 0 0 (0.0) 0 0 (0.0)
1 0 (0.0) 1 4 (4.2)
2 1 (1.0) 2 24 (25.0)
3 6 (6.3) 3 68 (70.8)
4 89 (92.7)

Parkinson disease with dementia 0 0 (0.0) 0 0 (0.0)
1 2 (4.1) 1 4 (8.2)
2 4 (8.2) 2 12 (24.5)
3 8 (16.3) 3 33 (67.3)
4 35 (71.4)

Frontotemporal dementia 0 2 (7.7) 0 0 (0.0)
1 0 (0.0) 1 4 (15.4)
2 0 (0.0) 2 4 (15.4)
3 0 (0.0) 3 18 (69.2)
4 24 (92.3)

Unspecified dementia 0 36 (25.7) 0 58 (41.4)
1 30 (21.4) 1 54 (38.6)
2 40 (28.6) 2 24 (17.1)
3 12 (8.6) 3 34 (2.9)
4 22 (15.7)

No dementia 0 6 (7.0) 0 7 (8.1)
1 10 (11.6) 1 19 (22.1)
2 19 (22.1) 2 38 (44.2)
3 11 (12.8) 3 22 (25.6)
4 40 (46.5)

Quality of data defined according to five qualitative categories; 0 = almost non-existent (only information about diagnosis);
1 = very sparse (two of the key data missing); 2 = sparse (one of the key data missing), 3 = adequate (all key data present),
and 4 = good (assessed at a tertiary clinic or equal level). Validity of diagnosis defined according to four different categories;
0 = uncertain diagnosis (available data indicated different diagnoses to the same extent); 1 = possible diagnosis (some data
indicated a specific diagnosis but important data was missing or the data did not fully fit into the same diagnostic criteria);
2 = probable diagnosis (a vast majority of the data indicated a specific diagnosis but some important data was missing or did
not fully fit into the criteria); and 3 = definite diagnosis (all of the key data indicated the same specific diagnosis).

noses extracted from the NPR. Hence, 96% of overall
dementia diagnoses have a high validity. A total of
1,323 (60.0%) original diagnoses from the NPR were
unchanged during the validation process. A majority
(76.9%) had been diagnosed at a Memory clinic level.
For more specific diagnoses, the validity was higher
than for unspecified dementia. Thus, diagnoses such
as DLB and FTD had a high validity with a large pro-
portion of the NPR diagnoses remaining unchanged

after validation. Unspecified dementia had a lower
diagnostic validity in the NPR, and the accessible
medical information was of lower quality.

The main change from original register diagnosis
was seen for unspecified dementia, where the major-
ity of the refined cases were changed to one of the
three most common dementia diagnoses: VaD, Mixed
dementia, or AD. A change of diagnosis from unspec-
ified dementia to more specific diagnoses after the
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Table 4
Baseline characteristics of the MDCS presented for the total cohort, all-cause dementia, Alzheimer’s dementia and Vascular dementia

Characteristic No dementia All-cause Alzheimer’s Vascular
dementia disease dementia dementia

(Mixed included)
N = 28 326 N = 2 120 N = 1 216 N = 531

Age mean (SD) 57.6 (7.5) 64.2 (6.0) 64.3 (5.8) 64.6 (5.9)
median (min - max) 56.9 (44.5 – 73.6) 64.6 (44.9 – 73.3)*** 64.8 (44.9 – 73.3)*** 64.7 (46.4 – 73.3)***
Missing data n (%) 1 (0) – – –
Women 17,040 (60.2) 1,286 (60.7) 828 (68.1)*** 269 (50.7)***
Education
≤8 y 10,914 (41.2) 1,057 (53.4)*** 591 (51.1)*** 281 (59.4)***
9–12 y 9,319 (35.1) 646 (32.6)*** 411 (35.5)*** 123 (26.0)
≥13 y 6,287 (23.7) 276 (13.9)*** 155 (13.4)*** 69 (14.6)***
Missing data n (%) 1,806 (6.4) 141 (6.7) 59 (4.9) 58 (10.9)
Risk factors
APOE �4 carrier 7,854 (28.5) 1,056 (51.1)*** 717 (60.4)*** 206 (39.5)***
Missing data n (%) 776 (2.7) 52 (2.5) 28 (2.3) 10 (1.9)
S-ApoB/ApoA1 ratio 0.7 (0.2) 0.75 (0.22)*** 0.75 (0.22)*** 0.76 (0.22)
Missing data n (%) 2,504 (8.8) 189 (8.9) 91 (7.5) 64 (12.1)
Hypertension 16,127 (57.0) 1,523 (71.8)*** 848 (69.7)*** 431 (81.2)***
Missing data n (%) 57 (0.2) 1 (0) 1 (0.1) –
Body mass index 25.8 (4.0) 26.2 (4.1)*** 26.0 (3.9) 26.8 (4.1)***
Missing data n (%) 53 (0.2) 5 (0.2) 1 (0) 3 (0.6)
Ever smoker 16,638 (62.6) 1,107 (55.7)*** 608 (52.5)*** 293 (61.3)
Missing data n (%) 1,749 (6.2) 133 (6.3) 57 (4.7) 53 (10.0)
Medical history
Prevalent diabetes 1,234 (4.4) 146 (6.9)*** 76 (6.3)** 52 (9.8)***
Prevalent coronary event 538 (1.9) 62 (2.9)*** 31 (2.5) 26 (4.9)***
Prevalent stroke 300 (1.1) 33 (1.6) 12 (1.0) 15 (2.8)**
Medication
Antihypertensive medication 4,790 (16.9) 489 (23.1)*** 271 (22.3)*** 140 (26.4)***
Lipid lowering medication 821 (2.9) 98 (4.6)*** 54 (4.4)** 27 (5.1)**

Data are presented as frequency (%) or as mean (SD). Group differences were calculated with Mann-Whitney U test and Pearson’s χ² test with
No dementia as a reference. *p < 0.05; **p < 0.01; ***p < 0.001. BMI, body mass index; APOE �4, apolipoprotein E �4; S-ApoB/ApoA1,
serum-apolipoprotein B/apolipoprotein A1. Hypertension is defined as a systolic blood pressure ≥ 140 mmHg and/or a diastolic blood
pressure ≥ 90 mmHg at baseline.

validation process resulted in a larger number of diag-
noses that can be used in future studies. Hence, the
validation procedure led to more specific dementia
diagnoses, although not all of them were classified at
the highest level of diagnostic validity even after the
procedure.

AD and VaD were primarily re-diagnosed to Mixed
dementia, and Mixed dementia to AD, likely reflect-
ing the difficulties to clinically distinguish between
these often overlapping and symptomatically simi-
lar types of dementia. AD showed a high validity,
with the majority of cases (59%) scoring 3 (definite
diagnosis) reflecting the high-quality data obtained
for 75% of the cases. This is likely to be a result of
AD being the most prevalent dementia diagnosis, as
well as a high adaptation of the diagnostic tools to
identify AD-specific symptoms and signs. For VaD,
the validity of the diagnosis was scored as probable
in most cases, and the reported quality of data more
diverse. This may be a result of the fluctuating nature

of vascular cognitive disorder symptomatology and
the fact that vascular pathology often co-exists with
AD pathology, especially in the older patient groups
[18]. Thus, it might be difficult to clinically exclude
the possibility of co-existing AD pathology, espe-
cially with lack of high-quality data. Mixed dementia
had a larger proportion of diagnoses classified as def-
inite than VaD (50.9% versus 31.6%) which is in line
with the above suggestion regarding an adaption of
diagnostic tools in favor of AD diagnosis. The cogni-
tive profile indicating VaD includes reduced cognitive
speed and an impaired executive functioning [15, 19]
which is not always uncovered by standard cognitive
screening tests such as the often-used Mini-Mental
State Examination. Hence, this might result in a lower
validity of VaD.

The frequency of AD in our study was 57%, if
including both typical AD and Mixed diagnosis. AD
is well known to be the most common pathophysio-
logical origin of dementia comprising an estimated
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frequency of 50–75% of all dementia cases which
is in line with our data. Further, VaD (20%), DLB
(5%), and FTD (5%) were the next most prevalent
dementia diagnoses [20]. However, the commonly
seen co-existence of symptomatology and pathology
patterns of several dementia diagnoses make frequen-
cies only approximations [21, 22]. To the best of our
knowledge, there are no large validation studies of
register-based dementia diagnosis in Sweden report-
ing diagnostic distribution in detail. Results from a
Spanish study on validation of dementia diagnoses
reported a prevalence of 58% for AD which is in
line with our data [23]. However, they reported a
prevalence of VaD of only 7% [23] which is low
compared to 25% in our data. Differences in preva-
lence of dementia diagnoses between studies may be
a result of various diagnostic criteria or study pop-
ulations, but also whether dementia as primary or
secondary diagnosis was included. It is also probable
that the diagnostic registries differ between countries
and hence, comparisons might not be applicable.

An underestimation of dementia diagnoses in the
Swedish NPR has previously been described, par-
tially as a result of dementia rarely being a primary
cause for hospitalization, but also due to underreport-
ing of dementia when the cause of hospitalization is
another disease [24]. Another limitation of the NPR
is the automatic transfer of all diagnoses without
any previous quality control. However, the NPR also
include policlinic specialist care such as the mem-
ory clinics which enrich the dementia diagnoses in
the NPR. Nonetheless, a probable underestimation
of dementia prevalence needs to be acknowledged
in the present study population, since primary care
diagnoses are not included unless the diagnose
was registered by a hospital physician. Despite this
study limitation, we believe that the register-based
approach contributes to the research field by allowing
large study populations and long follow-up periods.
These strengths may counteract study limitations in
other studies where cognitive screening and demen-
tia assessment are part of the study protocol since
such studies often are subjected to risk of attrition and
loss of follow-up due to dementia, thereby suffering
from health selection bias. The underestimation of
dementia diagnoses in register data based on hospital
discharge diagnoses has previously been described in
a Finnish study, where information from public out-
patient clinics as well as private clinics and hospitals
was lacking [9].

Rizzuto et al. stated that misclassification between
dementia subtypes is quite common in the Swedish

NPR, as it also includes secondary diagnoses from
hospital discharge, and suggested that this may lower
the positive predictive value of AD and VaD. This
may also result in a larger number of diagnoses being
changed in this study, but also enabled the detection
of dementia cases that would not have been found if
only primary dementia diagnoses would have been
included in the NPR [24]. However, there is still a
substantial underdiagnosis of dementia due to a lack
of public knowledge [25].

The strength of this study was its population-
wide approach and a system for classification of
data quality and validity of diagnoses. A limitation
was a substantial variation in the accessible medical
information resulting in different degrees of diag-
nostic quality and validity. However, unclear cases
were subject to discussion with at least one expe-
rienced dementia specialist resulting in a consensus
diagnosis. The possible underestimation of demen-
tia diagnoses in the NPR as discussed previously
also needs to be considered. Eventual lack of medi-
cal information was taken into consideration and, if
appropriate, resulted in a lower diagnostic validity. A
quality classification of diagnostic accuracy enables
the study of associations between influential factors
and specific dementia diagnoses with high diagnos-
tic accuracy. This, in turn, facilitates the finding of
eventual associations which may not otherwise be
detected in a more heterogenous group of cases with
the same dementia diagnosis. Another weakness was
that the extraction of data for the study from this very
extensive register was limited to individuals with a
dementia diagnosis. Hence, data on cases with unrec-
ognized dementia in the NPR was not available and
the possible underestimation of dementia discussed
above could not be estimated.

The risk factors/markers at baseline follow the
expected pattern with an overrepresentation of
women with AD and a higher proportion of
apolipoprotein E �4 carriers among individuals with
AD, which has been reported in previous studies
[26–28]. In line with previous studies, we found that
hypertension [7] and diabetes mellitus [2, 29] are risk
factors for vascular cognitive disorder and for AD
[8]. A correlation between an increasing number of
vascular risk factors and elevated levels of brain amy-
loid has also been described [30]. Cholesterol levels
measured as S-ApoB/ApoA1 ratio was elevated in
all-cause dementia and in AD, but not in VaD. Pre-
vious studies have described an association between
processes related to cholesterol metabolism and AD
[8] as well as elevated cholesterol levels in midlife and
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VaD [7, 31]. However, covariation analyses need to
be performed in order to draw conclusions regarding
associations between influential factors and dementia
diagnoses, which is beyond the scope of the present
study.

It is of great importance to have a high diag-
nostic certainty when studying potential associations
between different variables and dementia. As there is
still no single test or examination to diagnose demen-
tia, a thorough review of all relevant information
underlying a diagnosis is therefore important in future
studies using national register diagnoses of demen-
tia. In studies of influential factors associated with
any specific dementia diagnosis, only the cases with
highest quality data and validity score for the diag-
nosis should be included in order to obtain the most
accurate results.

In conclusion, whereas dementia as a general diag-
nosis seems to be highly valid, specific dementia
diagnoses derived from registers need to be validated
in order to study associations between influential
factors and different specific dementia sub-type diag-
noses. The results of this study facilitate further
research on specific dementia diagnoses and influ-
ential factors by using data from the MDCS.
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